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(54) NONAQUEOUS ELECTROLYTE SECONDARY 
BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous 
electrolyte secondary battery of high capacity and high 
efficiency having a flat discharging potential and excellent 
low temperature characteristics. 

SOLUTION: A nonaqueous electrolyte secondary battery 
is provided with an electrode having, at least on the 
surface, an active material layer 30 comprising carbon 
grain (ACG cargon grain) 31 comprising a core 311 of 
crystalline carbon, and a low crystalline or amorphous 
carbon layer 312 formed on at least part of the surface of 
the core 311, and carbon matrix 32 covering at least part 
of the surface of the ACG carbon grain 31 obtained by 
baking resin in which ACG carbon grain 31 is dispersed 
to be held, and nonaqueous electrolyte including 
propylene carbonate PC and ethylene carbonate EC. 
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JBi^bftS***^ (»T, ACG«*»ft*t) 
«EACGjK*tt^O*M©*ft< irt>-»Sr*5 i: 

yntvy^^-h (PC) t^v^*— 
h (EC) i«r$*1-5#*WW*i:. 

tz.^^^^^ h/is&Vr\Z.&ft2> 1 5 80-1 6 2 0 c 
m^ffiH^t^^aS^t^ 1 3 5 0-1 3 7 0 c 
nT'Of&ISOb 0 — ^3ftS<DJfc3&S0. 4KJi"t?*>5. *>>o 
»«&«f*«KeoC«*l«<0T*&KIBIH^3. 3 5-3. 

2 — 1. 6g/cm 3 -Cfc!? x ^o$|$^2 6-44 

[fS*>S4] WIB»«ffJi»^*5V^. RACGKfttf 

h y y?xb<DmMt£&Q. 0 5 — 0. 3 0 

[Bt*«6] ffif!BACGjR*3|a^-^*5V^, r^^i^ 
— If— ^fflV^c^^>^-<^ hA^*ffc:*5tt5 15 8 0 

— 1 6 2 0 c nT'OfBH^tf— ^3»fl[^*ti"S 1350 

— 1 3 7 0 cm^H^t^ ^3&K<Z>Jfc3ft3 0. 4£JLh 

5-3. 4 0 A"C*>SBS*3Bl|B««)*zktt*PiaE— 

-5158 0-1620 c m-^lfiffl^t 0 — ^SSS^t" 
-51350-1370 cm- l 04SH^)t 0 — ^Sftft^ltdS 

0. 4«T-cfei9. n»tt*«Jt©ci»*rtio3p*9Bmi 

KW S 3. 3 5-3. 4 0 A^fc5f|^lfE*0#7km 

1 ia«©#*«*« - *«»o 

0] «HB«WKfcjsv^. PCiECfc** 
aW*"C, PC/ (PC + EC) Offii&so. 7«Ti:* 
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[00 0 1] 

»*« tux*!** 

[0002] 

[t»<£>i£W] afi^. y^**=:R«»*©#zK«^ 
2/^y-4:UTffiBs*tTv^So r*te>«>«»-eH;* * 

[0003] :w^t»ifttiotSffi^gfeS 

fcV^- h (PC) . ^U># — b 
(EC) «0««l»jK^?ft»S^#&tt & t 

30 C^f^HTV^^ ECttWH/S^S5v^«> % (£i& 
t Kd77^, 1, 2— V v A* jj 

»ftfilWWt*fl&Jifti»ofc 0 
[0 0 0 4] tit, »l»¥6- 1 1 9 9 3 9#4***C 

40 *jBi 9 , ^»S^fi$:®JS:-t-^ i t 

v^So 0!l;ttf* #§8¥5- 1 2 1 0 6 6#^*"eBB*S 

50 [0 0 0 5] 4fc. #i¥6- 1 3 2 0 2 7^ 
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V t «#P?& i: SrWlfH ^xmMWLOftM SrftlfH 
[0 0 0 6] 

a?i!i«:ffi#-r * ^ t & i m t -r *. 

[0 0 0 7] 

U ±ffift*fr4bfr&«MR&K-frU 

tL-C, E C t P C ^/.fc'iS^ii: f 5 r i ia 

[0 0 0 8] HP*>, *»W©**«WR=HJc«»H:» SS 

-SfPSr® 5 t i t> fctt A c G&m#.¥*&9m&r S« 

*ft»«r**< t PCtECt 

SrJMfrrsi kZftmt-r 

[0 0 0 9] 

IE®<Z>^ft< 4: t-^fflV^tOTfc^ d^oft 
M<omti>* 6> ft S WHW £rffl v n #cS?&-C « 0 

v^Si:#tt, roj;5ftW3eo*f»d»6>««Six6«« 
LiCoO lN LiNiO,. L i Mn 
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[0 0 10] «»<Z>®«^ov^T<>»»c|S3£SJxSt>0 
-CtSft<, ^^^l^Tjl^-T^r i:^^^, WiS, 

^bftS**«**^»»lcov^T*tt-PixRWi-5o 
10 [0011] 3fe1\ «*^»ffl»cov^TB:. *rttt<0« 
Sf£!9ftS^T «^7^< fct>— «FS*ffi^»j*S 
fefcffitg A * fc Jt^*Ji k^&45ACG«* 
*M=-£. KACG^*tt^<3!>*ffi^ft< irt-«8Sr« 
5 i it,^KACGft*ttft5»«j»t*Wti^ 
bT#bix*«*^ hy v?xks *>feft 
^ft< fcfcXffil^-rsfc^-efcSo ftot N 
^te<0«B5>©«ifi^ov>Ttt#J2:RR^Sns t><£>T*teft 

20 mum tmrnftt &—#mzm&m&ztvx^& t 

[0 0 12] ft&\ *«#»l«»«spSr>bot><Z>^»* 
i*. Ni, ^t^w**! (SUS) *Srffiv^Tt>J:v\ 
ft<, /B&K:/S£T3HRi-3r. ^dS-C#S 0 Jfefitt^jK 

#<ft£fctf>, -fe^ix-^SrKiiU Vg-hSr«4S 
^*(Ot>^^t-^^^«^®^~ftK^J:^ai^ 
40 V\ 

[0 0 13] iOi5ft37iUA#»lc:fi, 

U<fil — 20^ m"C$> 
t>, BETitt»l-8 0mVg, 0^ b 

[0 0 14] r<?5j;5ftteAtt^K*J:9ftS3r^*5 
50 *C*5tt5 1580 — 1620 c m-^fSlffl^t 0 — 
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IcHrfZ 1350-1370 cm- 1 ©*!©^^ 
<DJfc*S0. 4^T-C#>t>. H«BJfeft«Jfi^C|ft*lRl^ 
iSffiraRi (do**) ^3. 3 5-3. 40A-Cfc£££ 
36Sg*b<, *6>lcttdfl«tt3. 3 5 — 3. 3 7A-C 

^0. 4 <fc 9 *#V\&\ *>5VM*r. Od«dS3. 40 

4«ttfcftfcftv\ *fc. H^f B «^C^fp]^ 
ffi^<so:*:£S (Lc) co5p*Sffitt2 o o A^Ji-efc^r 

[0 0 15] Sfc, 37®/>4< ifc— SBSJffifc^/fiS 
[0 0 16] *#<o;fr«fctt. »<^-tc^^ 

tt<Z>^iff <£ 9 ft 5 a T t tt£* * fc I^SSO^ii 
^f>ft5ACG^^T•^e:^b i v^T^^, T/v:=*vw— if— 
^V^C7-7^^ h/w#*rK:*5tt5 1 5 8 0 — 1 6 
2 0 cm _1 0»fiH^>t? , ^^3S*^3fti"S 1 3 5 0 — 1 3 
7 0c nT'CO^B^ 9 SftftOJtdS 0 . 4 £LLTfc £ 

±^*5£&j&sj;?>#*lv\ r<£>fc 0 -^3$gifc^o. 

iX*3»^ft<. WWK<0^K:oftaS5 o ^/ Cx 

«tt*«a«>C«li*ift©3F«BlHHi (d««) tex SuS* 
WS-t<D*4*i-r fipib. 3. 3 5 — 3. 40A~C 

[0 0 17] Sfc. hy 2/^ 

<ft£ 0 ft*>\ f»«fttt«fJBi: una. ^zty— /v-«f 
jig. 77^»JB*a«*©*v>t>odS»*bv\ Stfi* 

ffiT^ofts&ss. »jR*»3 0%K±j6W 

[0 0 18] ACGgie^J:^ivhy y?*** 
bft£JS«ST/Btt. T/^^w— if— Sr/Sv^?-^* 
^ hyu^*f^*5*t5 1580—1620 crn-'COiSia 
OtT— ^3ftft(j:ati-5 135 0—1370 cnT'CDffiffl 
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Sfeldttr^tr— ^3fi*<OJt*so. 7H±t*5rtdS 
J:9#Sbv\, 0. 4 J:9/h*v^4:iStt**fctt*fi« 
©«*JB*5«fcl*«*^ h y y ^^©«*>n^r^ft< . 
«*HK«>»*Pl!:oft3ftsa 0 IMMAflHfi«>Ctt:2r 

fa<D¥^mm <d«») «tf3«bfc3reoll«BJe* 

Wh. 3. 3 5 — 3. 4 0A-Cfe^ri:^gtU\ = 

io hy j/^^^tr— ^icBjxsjaifJKiSfttt^*^* 

[0019] S«jKJitt. £ffc<P jWM*«a?j&s 1 . 2 - 
1. 6g/cm 3 tfc^ ^^$^2 6-4 4%^ 

•f-<5£fcas-C#a 0 ft 5fc«>. 

y ^^^-ftttaid*5v^ttL i ^*i/<Di&mmfit^ 

*<ft9A«WM4^A»i:ft*. £©*a4*«flW*l. 
2 g/cm 3 ±9ffiV^fc**36S/hS<ft9. 

6 g/cm 3 «J; 9*#v^^g£^£<ft 

******* J: ?)»ttlt^ 
[0 0 2 0] Sfefc. r©?S*«JB^*5V^Tf4. AC G 

*Jfc (W2/W1) tt. 0. 0 5 — 0. 3-efc$r£#i 
fi*LV\, W2/WU50. 3 J;9*#V^# X ipt>^ 

[0 0 2 1] &>±<D£ b ft«**rt>o1McoA#»ft» 
**ttitttt, ftfACG«»»?»*t*«o«!W 

^Iga^^H^oACG^^^^^-r^iB^J 
5-4 0%W4K, Sbtl47^2 0%"Cfc 
40 5^t^<t!9»*bV\ ga^#J^^5%<t «9^ftv^i: > 
a* X Z>WB<DM&tm b < ft -5 fc it -Cft < O 
«ft«^ft<ft9, ««»«*ffiTi"6. S^f 
icga^fij^^4 0%«t «9#v^irSfeB^fi^Ti-^c 

[0022] i^v^T. ^ (omnm^m^ ts ntc^<—^ h 
Mmmtvxmmt-r^o ^<ot^^ mum 

50 «i:igb, #y tr^^5— /w«©j|g*#j*siaip 
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[0 0 2 3] £*>«ft;«t>L< 7VV=*1^ 
KJ:!K *JIB#*fttTACGft»3B^l:»]BUJ>V\ 

mmn^^it^xDmmmm, bp*>4 o o*c— i o o o 

~C\ PC/ (PC + EC) <©ffi[j&so. 7JsTFfc&S<fc5 
fc^**t£t><Z>)&SS*LV\ PC/ (PC + EC) ©ffi 

So J&*5, ^^(U*. Vzc-^/lrX—tf^—b <DE 
C) , — K yfvWn^vW;*; — sSj^— 

K 1, 2 -v^ h^v^^^ v>y fvwai— 7Vl^<D 

^tt©5iraw««r--a«±-& tf t> © *m v ^ r t> ± v \ 
m&&# £ & ^*ttfc#*iiw««-*«ft t ft So r © 

4: # . PC^EC O^ff i i»IEfi*Stt©*«^td-&tt:. 
PCtEC <O^W-tf«MK^#|c:» UTft»»fr-e 20- 
8 0%. £?£L<l*4 0-6 0%fcft£<fc5»'&S*tfc 
il^^-CfeS- k&&}*\ PC^EC^ff^6 0% 
J;9A#v^tt«j&s»<, 4 0 %<£ 0/hSv^irtt[©*p« 

[0025] mmmt uts. «»©ws»-jc trswi 

£\ UTtS. LiPF fi , L i C 1 O* , Li 

BF lN LiCF 5 S0 3 ^LiS$rfflV>^ri:^ 
#S#v #lcLiPF 6 fiWSWil<0tU\ * 
fc. :<OL im^t^MM^X^ LiMO. 5 — 

[0 0 2 6] 

o 0 

[0 0 2 7] #*t*f«©B«f:LTPCi:EC 
[0 0 2 8] 
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(HJIMfl l - 1 ) *38W«>**«*P*— 

fl?fi**lrtJc:*5V^T. jE«2 i::fi«3 irj&s-fc 
*5lc«a**tT««Six-CV^5flB«fty ^A^lt 

10 [IE® 2] iEiffiMtLtLiCoO^fflVV a»® 

MltttPVDF (aKy^^fbtr^y^v) 

V\ NMP (N — y^vv— 2 — y KX> 

Ts L i Co0 2 fcAifiJ»»i:S:^tP^9y— SrWSb 

fc. ro^5 y - tttflcoHim k^^-^u- Kte 

— «»BiaS:ia2H:«S;»Hi*i-J:5^ ACG^iS 
20 -?-3 l*5ir^jK*^ b y y^^3 2^fe*5»«jr»3 
0iifft3 3fc^e>45s ^oACG^Si3&^3 1 
ttx Uitt^v«iJ:!)/^n73 1 l 

[0029] =J731U Ufc y y^ai— 

SMlO/im, BETJt*ffiatt»2. 8m 2 /g-e 
*?So ^/c, r^rfyi/^f-^v^cy^y^^ h 
/^W^*5(t S 1 5 8 0-1 6 2 0 c m^fSfflOt 0 — 
^Mffi^aj-rS 1350 — 1370 cm^HiDt 0 - 
30 ^»ft<Z>J*;f*0. 2 2-e*><9. JR»3|$ftfl|iS©CW*fRl 

(ommm (d™) »3. 3 6At$>^ »te«tt2. 

[0 0 3 0] r^»«^^36»&ftS«l^**rSJ««rt 

JB3 1 2*$^S*t, ACGKie^SlW^to 

40 580 — 1620c m-^ieH^ ^ 3S*i^i~S 1 
350—1370 cm^tSl^t- ^SfiS^JtfiO. 
6 8-efc9, M«&^f B «3g^CW^fp]cO®reH 
(d m ) tt3. 3 6ATfc^ I«S(j:2. 2g/c 

^&n<ommms 1 2cofi4#j^^i 4%-efeo^ 0 

[0 0 3 1] *fc, IKWftttWJBi: bT7*y-^JB 
fc^CfttMBLTtS*. :^ACG^3 lb^-<D7^ 

y -/w«jJiB** £ y ^ y -/^» jbh»» tU9 0 : 

50 lOTie^b. NMP-C^ hm?- CuP^/£ 
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fco m^X, r©l**ft8 0tTl«fllllia(Mt, 0. 
5ton/cm\ 1 5 0 y h ^l^i" £ £ £ K 

[0032] ^ivz^uxxmrn^m^nrnz, 
rft&jKySJFfcv^ ii#i^7 5ot;-e3^ 
**U ISWI3 0#*Iflc3 3 i-#i4ofct« 

PVD&8H<Dm&}i&. *5<t-^ (3T3 1 1) : OSJBAS 
fef4#ft*0«#l3 12) : tft*^hyy^^3 
2) =7 8 : 1 2 : 6-Cfco*: 0 £fcffi%K/l3 0^ 
4g/cm\ 5Bt*»3 3%t*o 

/Co ta-^w— if— zm^it 1 ? 

1580—1620 c m-'cOfSfflCO ^ 
3i*^»i"S 1350— 1370c nTtofSffl^fc 0 — ^ 
3ft*OJttt0. 7 4 x 1»MM^CW*^0¥^® 
Mffi (doo 2 ) J*3. 3 6 A-C£>o*: 0 

®K WJ'p'TPC 2 5%, EC 2 5%. DEC 5 0 

[oo3 3] zcov ^A-#c®?&£ffli\ 

0.66 mA/ c m 2 Xtkm&ft-i tz 0 £ (DjEtfcmmz 

mmcmtt **<z>W5ei£*«r* 1 xtwa 3 ^ 

-To S 1X1*0 3^*, «3*^5Jfc«09l - 2<D 

mmm 1 - 2 > «^^^^nj«»ft4i»^^ p 

C:EC:DEC=3 5: 1 5:5 0 i bfc£JL^tt x H 
»« 1 - 1 irlWKK: Lt y A-**ttSrf^3HUfc Q 
[0 0 3 4] C<Z>y^9A-JJc«a*ffiV^*16fl9l - 

**«r»eUfc. £©M^*fc*12WB3fc0HtT 
C:EC:DEC=4 5:5:5 0i bfcK^tt, 
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* [0 0 3 5] rcoy ^!>AZ:ft«»Srfl|V^Tllll6«l - 
^fi^ay^L^o ^OW3£S*Sr*iatKBI3Jc:«Hi:T 
(WJl-l) A*©ft«fc:|(*U 37i45Ifttt 

V^T, TV^V-l— if— SrfflV^fc^"^^^^^ hA^tff 
10 121*51*5 158 0—1620 cm-'OtSfflOtr— ^3»ft 
1350—1370 cnT^SSH^fc 0 — 

0. 4-efcofco ro^ssr/Biv mzrnmmi 
-it mm?, t-cyf * a - ufc. 
[0036] ^<Dv^vj±-&mmz-m^xnmmi - 

Lfc 0 r<offl3Bie»**lXtKH3K:«Nrr 

«t«« 1 - 2 ) IMffi^^offijAfrflm^-CP 

C : EC : DEC = 3 5 : 1 5 : 5 0 t bfcBWM*. Jt 

[0037] z<Dy^&j*-&mmfcm^xmmMi- 
*m%mfeistc 0 r^a3ee*sr*i&t/H3^flN:T 

vde (#y»t:if=y^) tctoiwu iffia 

fc c IP*>, JSftft3K^F4:te#»Ji: LTOPVDE$r9 0 : 
lO^SE^U NMPt^ hW-U CuMMi^m 

30 ^ra^m. M/^"e0. 5 t o nXcm'X^U 

[0 0 3 8] ^<ov ^t?j±—&mm^m^xmmmi - 

***W*Ufco n©«®»*fc*12ltfH3fc©W:-C 

C«W*»«l«i«l»*0»«3 * 1 XX/B 3J:9 S PC 

40 <S<«i*.bJxTV>5ri:dS*>^So SfcflSl;:. PC^E 
C0>«|-g\ PC/ (PC + EC) ©fflCdSO. 7i^T(-*5 

[0 0 3 9] 
[^1] 



* 
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*»mi-2 


mmmi-3 
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mm 


PVDF 


m 
m 
(%) 


PC 


25 


35 


45 


25 


35 


25 


EC 


25 


15 


5 


25 


15 


25 


DEC 


50 


50 


50 


50 


50 


50 




0.04 


0.07 


0.73 


0.11 


1 


0.58 



[0 040] (^KM 2 ) fil#tt^S«t^ fc«> % H 
4 t*t3-f Vl© y f 9 A-»tft 1 OSrfERLfco 
«S^f^K^IRUTtt. iE«l 2, AHl 3£*>Jtffi^ 

««»«d s S[S«SJ 1 5mmtfcS:am 
50S«l-l i:ra«tcbTtf*Lfco **** 5 
<^*aoj|a*l*i*a#J^-ePC :EC:DEC = 25: 
2 5:5 O-Cfc^o ir^l/~^ 1 4 J¥£ 2 5 j* m<D 

[0041] :<oyfi>Aifttii o«rfljv\ saw 
rt-e-2 o — 2 ot^ra^Bf^ig-cftSSi^i^ 

S£0. 6 6A/cm^U 4. 2Vd^2. 75V 
©RT?S«tttltS- ^ffofco El 5 1c, 20 

(Jt«M3) «^^^om^^^«fJ^-eEC : D 
EC-5 0 : 504: UfcEWH*. 5Hifi0S 2 IH«tc LT 

OV^T. MW2 tTO^tT- 20 — 2 0X:<DfS<DBf 
EC=5 0 : SOfcUfcgW'M*. 3Q60!I 2 i tt 

y ut 0 r^y ^£ 

OV^T. 3at0!l2 fcHfiJlcLT- 2 0 — 2 O^^W^Fr 
-2 0 — 2 0 < C^c*5V^T^4O^£T^ftv^ 

So 

[0 0 4 2] 



* *»W«>#*«!l«-»«»tts **** ?K# 

20 [ei 1 ] r coma*. $&&m 1-1 

[EI 2] r^BIJi. HJK09 1 - 1 
oA«<3!>--fflia:^:WrB«S;ia"efc 5o 

[EI 3] r^Hfi, HJfcffll 1 - 1 ~ 3 . ffit*fcJfc«#!ll 
-l, 2. feJ;tFJtttW2<o**««*rjfc«?fi^*5V^ 

[13 4] :<oHli^ HJfiffil 2 »«»<z>« 
B&EI-Cfe^o 

30 [El 5] roglii, 3IJKffil2*5J:t^itttfiaj3H 4<£>#fek 

RWjfcKiasv^ -2o-2otwMtt 

[«F#s>RWl 

1 

2 IE® 
3 
4 
5 
6 

40 3 0 

3 1 ACGKi^ 
3 11 37 

3 1 2 i£ffiAtt£^M:#AK^3lSS 

3 2 «SR h y ^ ? * 
3 3 




PC/ (PC+EC) (-) 
[1215] 




0.0 I 1 1 

-20 0 20 



(72) JL:fir «fc 

*ETfI|SJ«BPKft»»r22«22-S- 
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[02] 
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^:BRTfiHf&i?[KS?ifeffT22#22-^ ^ 
*KrtJHf&IfBS»nr22#22* V-Y — ^ 



